Background and Objectives: Vasospastic angina is correlated with endothelial dysfunction. We compared endothelial function using flow-mediated vasodilatation (FMD) and circulating endothelial progenitor cells (EPCs) between patients with vasospasm and those without vasospasm and studied the effect of statin therapy on the changes of FMD and EPCs in vasospastic angina patients. Subjects and Methods: In 133 patients who underwent an ergonovine provocation test, endothelial function was compared based on the presence or absence of spasm. The patients with coronary artery spasm (74 patients) were randomly assigned to either the 10 mg rosuvastatin group or the placebo group. We compared changes in the FMD and EPCs level for 6 months from the time of enrollment between the two groups. Results: The incidence of cigarette smokers was higher in vasospastic angina patients than in those without spasm (p<0.001). The number of EPCs (68.6±36.1 vs. 103.7±39.3/200 μL, p<0.001) and the FMD (7.1±4.5 vs. 8.6±3.6%, p=0.044) were significantly lower in patients with coronary artery spasm than in those without spasm. After 6 months of rosuvastatin treatment, the number of CD45
Introduction
Variant angina is a disease which is common among Asians, and its main cause is coronary artery spasm. Coronary artery spasm plays an important role in the pathogenesis of various ischemic heart diseases, including not only variant angina, but also unstable angina, myocardial infarction, and sudden death. 1) There have been various reports on the pathophysiologic mechanism of vasospastic angina, but recently the mechanism is understood to involve the change in the characteristics of atherosclerosis itself. That is, several studies have reported an increase in the adhesion molecules or inflammatory cells in atherosclerotic lesions in patients with vasospastic angina. [2] [3] [4] [5] Coronary artery spasm can be induced by acetylcholine when the endothelium is removed or damaged. Thus, patients with coronary artery spasm have a disturbance in the endothelial function of the coronary arteries. 6) Endothelial function is evaluated not only by conventional venous occlusive plethysmography, but also by flow-mediated vasodilatation (FMD) and pulse wave velocity, and the clinical significance of these methods has been studied for various diseases. Recently, endothelial progenitor cells (EPCs) have been in the research spotlight. EPCs are derived from the bone marrow and circulate in the peripheral blood and have been implicated in adult neovasculrization. 7) EPCs are capable of proliferation and differentiation into endothelial cells, and are therefore candidates for vascular regeneration. 8) An inverse correlation has been found between the number of EPCs and cardiovascular risk factors in healthy people and in patients with coronary artery disease, and the number of EPCs is correlated with endothelial function.
9)10)
There are several strategies for treating endothelial dysfunction, but recently the role of statins, the effectiveness of which has been proved in various patient groups and clinical situations, is increasing. In addition, statins are known to be a drug that increases circulating EPCs. 11) We therefore designed a prospective randomized study using rosuvastatin, the effect on circulating EPCs of which has been demonstrated in an experimental study.
12) Specifically, patients with vasospastic angina were compared with a healthy control group using FMD and EPCs to evaluate endothelial dysfunction. In addition, we determined whether the additional use of a statin was effective in improving endothelial function.
Subjects and Methods

Subjects
Between July 2006 and November 2007, we studied 133 consecutive patients who underwent an intracoronary ergonovine provocation test. An intracoronary ergonovine test was performed in patients in whom 1) chest pain was noted at rest and 2) significant coronary artery diseases (>50% of the luminal diameter of the major coronary arteries) was absent. Exclusion criteria were as follows: 1) patients in whom acute myocardial infarction occurred within the most recent 6 months, 2) patients in whom coronary intervention had been performed, 3) patients with co-existing infectious diseases, and 4) patients with co-existing hepatic and renal diseases. All patients gave informed consent according to a protocol approved by the Ethical Committee of Wonkwang University Hospital.
Coronary angiography and the intracoronary ergonovine test
In the fasting state, coronary angiography was performed by the Judkin method following the puncture of the femoral artery or via a radial artery approach. Calcium antagonists and long-acting nitrates were discontinued for at least 72 hours prior to coronary angiography, but sublingual nitroglycerin was administered as required. The severity of coronary atherosclerotic lesions was evaluated from at least three projections in all patients.
In patients in which significant coronary stenosis was absent, an ergonovine provocation test was performed, as previously reported. 13)14) In brief, ergonovine (in 0.9% saline solution) was injected at 10 μg/min for 4 minutes (a maximal dose of 40 μg) into the right coronary artery and at 16 μg/min over 4 minutes (a total dose of 64 μg) into the left coronary artery, with at least a 5 minutes interval between each injection. The occurrence of chest pain, the change in the ST segment on EKG, and the development of spasm on coronary angiography were examined. Positive results were defined as cases in which >99% of focal spasm was noted on coronary angiography in the presence of typical chest pain or abnormal EKG findings. We divided patients into groups with spasm and without spasm.
Quantification of endothelial progenitor cells by flow cytometry
In previous reports, circulating mononuclear cells with the phenotype, CD34 
VEGFR2
+ cells were then counted ( Fig. 1 ).
Endothelial function assessment
Imaging studies of the right brachial artery were performed using an ultrasound machine (Vivid 7; GE, USA) equipped with a 10 MHz linear-array transducer the morning after coronary angiography, based on a standard technique. 16) Briefly, baseline data for the diameter and mean blood flow velocity of the brachial artery were quantified after 10 minutes of rest in the supine position in an air-conditioned room at a position that was 1-2 cm above the elbow. Endothelium-dependent vasodilatation was assessed by measuring the change in the diameter of the brachial artery after 60 seconds of reactive hyperemia relative to baseline measurements after deflation of a cuff on the forearm that was inflated to 250 mmHg for 5 minutes. All images were coded and recorded on a disk for subsequent blinded analysis. The diameter of the brachial artery was measured as the R wave on the electrocardiogram, and at the interface between the media and adventitia of the anterior and posterior walls. We measured each diameter three times during two beats, and the mean data was used for final analysis. The intra-and inter-observer variabilities for repeated measurements were 0.00±0.07 and 0.05±0.16 mm, respectively, in our laboratory.
Treatment and follow-up
Seventy-five patients in whom coronary artery spasm was induced were randomized to the rosuvastatin or the placebo group in a 1：1 ratio. All patients received longacting nifedipine, and the nitrate was given at the physician's discretion. In patients with diabetes or uncontrolled hypertension an angiotensin converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB) was prescribed in addition to nifedipine.
The patients were observed for 6 months. One patient was dismissed from the study because of an adverse effect related to nifedipine. After 6 months, blood samples for the EPCs count were obtained, and the FMD was measured after a 72 hour cessation of nifedipine. The clinical end point was the occurrence of cardiac death, myocardial infarction, stroke, or peripheral artery disease during the study period. We compared the clinical and laboratory parameters between the two groups.
Statistical analysis
All measurements are represented as the mean± standard deviation. Inter-group analysis was done using independent t-tests and χ 2 tests, which were conducted using Statistical Package for Social Science (SPSS) 12.0 for Windows (SPSS Inc., Chicago, IL, USA). To compare the change in biochemical parameters before and after the medication, we used paired t-tests. Statistical significance was set at p<0.05.
Results
Patient characteristics
One hundred thirty-three patients underwent an ergonovine provocation test. The patient characteristics are shown in Table 1 . The incidence of current smokers was higher in the patients with induced spasm than in those without spasm (40.0% vs. 12.1%, respectively; p<0.001). The number of EPCs (68.6±36.1 vs. 103.7±39.3/200 μL; p<0.001) and the FMD (7.1 ±4.5% vs. 8.6±3.6%; p=0.044) were significantly lower in patients with coronary artery spasm than in those without spasm. There was no significant difference in the most relevant clinical characteristics between the two groups ( Table 1 ). The circulating number of EPCs in the presence or absence of risk factors is presented in Fig. 2 . The patients >65 years of age, obesity, and cigarette smoking revealed a significantly reduced number of EPCs compared with the patients without these risk factors.
Changes of biochemical profile after statin therapy
Seventy-four patients completed the study. Baseline laboratory findings were similar, and the administra- tion of ACEI or ARB was similar between the patients with or without statin treatment (16.2% vs. 18.9%, respectively; p=0.760). The incidence of cigarette smokers was 34.2% in the statin group and 45.9% in the placebo group (p=0.300). Four patients in the statin group quit smoking {4/13 (30.8%)} and 3 patients in the placebo group quit smoking {3/17 (17.6%)}; p= 0.666). After 6 months of rosuvastatin treatment, the levels of total cholesterol and low density lipoprotein (LDL)-cholesterol were significantly reduced in patients with vasospastic angina ( (Fig. 3) . The change in endothelial function was determined by measuring the FMD before and after statin treatment. The FMD was significantly ameliorated from 7.3±4.1% to 9.3± 3.4% in 6 months after the treatment (p<0.001). Myocardial infarction occurred in only one patient in the statin treatment group, and no cardiovascular events developed in the placebo group.
Relationship between the flow-mediated vasodilatation and endothelial progenitor cells changes
The quantitative analysis of baseline CD45 low CD34 + VEGFR2 + cells was correlated with the value of the FMD before statin treatment (Fig. 4) . After 6 months of statin treatment, the increase in the number of EPCs and the FMD were also correlated (r=0.268, p=0.020).
Discussion
In the current study we showed that the number of EPCs was reduced in patients with vasospastic angina, and statin treatment increased the number of EPCs. Also, these findings were correlated with endothelial function, as measured by the FMD.
The vascular endothelium is a multifactorial organ, the integrity of which is essential to normal vascular physiology, and in which dysfunction can be a critical factor in the pathogenesis of vascular disease. Acetylcholine, which is used for provocation tests in patients with vasospastic angina, is an endothelial vasodilator through the release of nitric oxide (NO), and induces coronary dilation in healthy subjects, but causes vasoconstriction in patients with atherosclerosis. Thus, patients with coronary artery spasm have a disturbance in endothelial function of the coronary arteries.
6)17)
Endothelial functions can be evaluated in several ways. Venous occlusive plethysmography is a standard test, but cannot be applied widely in the clinical setting because of its invasiveness. In addition, the method of measuring the FMD using the brachial artery is used widely, but it requires a skill set to perform it properly, and the interobserver variability is large. The 642·Statin Therapy in Vasospastic Angina direct measurement of EPCs is another alternative. EPCs are derived from various types of cytokines, as well as from the bone marrow and peripheral blood by ischemic stimulation, and are involved in neovascularization and the restoration of damaged vessels. EPCs are also known to play an important role in maintaining the integrity of blood vessels. [18] [19] [20] Hill et al. 10) reported that in adult men with various risk factors for cardiovascular disease, the number of EPCs is closely correlated with the risk factors of cardiovascular diseases and the functions of the vascular endothelium. Werner et al. 21) reported that the number of circulating EPCs is closely correlated with the prognosis of cardiovascular diseases. There have been reports on the significance of EPCs in various patients groups, but no report has been made on the value in assessing variant angina. The present study revealed that the number of EPCs and the FMD were reduced in patients with vasospastic angina. These results suggest that the pathogenesis of vasospastic angina involves endothelial dysfunction, and it can be measured by the number of circulating EPCs.
There are several methods of improving vascular endothelial function. Statins are known to lower the level of serum lipids and to have "endothelial protective properties" through its anti-oxidative effect, anti-inflammatory effect, and increase in endothelial NO production. 22) Studies using the FMD have also reported that various types of statins can improve endothelial function in various patient groups. [23] [24] [25] Moreover, statins are known to increase the number of circulating EPCs. 11) In agreement with previous reports, statin therapy in the present study increased the FMD and the increased FMD and number of EPCs had a good correlation with each other, suggesting that the number of EPCs can be used as a marker of endothelial function.
Smoking cessation also increases the number of circulating EPCs. 15) Smoking cessation leads to a rapid restoration of the number of EPCs within 2 weeks. In our study, there was a similar incidence of current smoking and smoking cessation between the two groups; however, it was difficult to conclude the effect of smoking cessation on the number of EPCs because this study was not limited to smoking patients. The group treated with a statin had fewer current smokers enrolled and more patients who had stopped smoking than the placebo group, even though the difference was statistically insignificant, so we presumed that smoking status could affect the number of EPCs. Our study had several limitations. The study was not blinded, and the sample size was small. We used ergonovine to induce coronary artery spasm, but the results of the ergonovine provocation test might differ from provocation by acetylcholine, which is an endothelium-dependent vasodilator. Another major limitation was the low adverse event rate of vasospastic angina itself. So, we could not compare the prognosis of vasospastic angina patients based on statin treatment. However, a significant difference was observed in the number of EPCs and the FMD between the two groups, so we expected a better prognosis in the patients with vasospastic angina treated with statins. Further study is needed to generalize our results.
In conclusion, the number of circulating EPCs and the FMD were reduced in patients with vasospastic angina, and statin treatment increased the number of EPCs and the FMD. The number of EPCs was correlated with the FMD. Thus, circulating EPCs may play a role as a biologic marker for endothelial function in patients with vasospastic angina.
